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ABSTRACT 

Surface roughness is used to determine and evaluate the quality of a final product in turned parts. In order 

to get better surface finish, the proper setting of cutting parameters is crucial before the process takes place. 

Titanium Grade 5 material is one whose surface hardness is high and it is used for making Aerospace engine 

components, titanium rod and ideal materials for medical implements etc., Titanium grade 5 is taken as work 

material for experimental works. This paper describes the Taguchi method based robust design philosophy for 

minimization of surface roughness in turning. Three parameters namely cutting speed, feed and depth of cut were 

identified and investigated at three levels to study the effect of parameters on surface roughness. Experimental 

works were conducted on Titanium grade 5 material using CNC Lathe based on L9 orthogonal array.  
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INTRODUCTION  

Metal cutting is one of the most important and widely used manufacturing processes in engineering 

industries and in today’s manufacturing scenario, optimization of metal cutting process is essential for a 

manufacturing unit to respond effectively to severe competitiveness and increasing demand of quality which has to 

be achieved at minimal cost. As flexibility and adaptability needs increased in the manufacturing industries, 

computer numerical control systems was introduced in metal cutting processes that provided automation of 

processes with very high accuracies and repeatability. Because of high cost of numerically controlled machine tools 

compared to their conventional counterparts, there is an economic need to operate these machines as effectively as 

possible in order to obtain the required payback. Product quality, productivity and cost became important goals in 

manufacturing industries. Based on the literature review it was evident that the factors that highly influence the 

process efficiency and output characteristics in a CNC machine tool are, cutting velocity, feed rate, and depth of 

cut. Experimental works have been carried out on the above mentioned parameters. A significant improvement in 

process efficiency may be obtained by process parameter optimization that identifies and determines the regions of 

critical process control factors leading to desired outputs or responses with acceptable variation ensuring a lower 

cost of manufacturing of the many goals focused in a manufacturing industry. 

TAGUCHI TECHNIQUE  

Quality is often approached to as conformance to specifications. However, Taguchi proposes a different 

view of quality as one that relates it to cost and loss in money, not just to the manufacturer at the time of production 

but to the consumer and to the society as a whole. According to Taguchi, “Loss is usually thought of as additional 

manufacturing cost incurred up to the point the product is shipped”. In case of machining, the energy consumed or 

the power demand varies because of noise variables which are classified as inner, outer and between product 

noises. To minimize the effects caused by these noise variables, some countermeasures may be considered.  

EXPERIMENTAL SETUP AND PROCEDURE 

 The experimental set‐up shown in fig.1 consist of a CNC turning centre, an titanium grade 5 extruded test 

specimen  shaft with diameter of 40mm and length of 100 mm length and hardness is 30HRC. Tool insert is 

TNMG160408 his Hardness is 62 HRC. The work piece is to be reduced to the diameter of machining on different 

combination of following L9 Orthogonal array. Finish turning it to be done with which is mentioned the table and 

this can be achieved by various combinations of cutting speed, feed rate and depth of cut. Experiments have to be 

carried out with all possible combinations to check the effects. But to minimize cost and experiment time, 

Taguchi’s orthogonal array technique was followed. The experimental studies were performed on ACE Designer 

CNC Lathe machine (Figure1).Experiments were conducted on CNC  Horizontal Turning Centre using Titanium 

grade 5 alloy rods of 40 mm diameter as dictated by L9 orthogonal array. According to the hardness of the material 

http://www.supraalloys.com/rod-bar-and-wire.php
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the TNMG 160404 – GRADE - PM4025 inserts was selected. Soluble cutting oil emulsion in water was used as a 

coolant. 

  
Figure 1. CNC Lathe Figure .2. Surface Roughness Tester 

One specimen for all trial condition was prepared. Thus the nine experiments were turned and the surface 

roughness was measured at three different locations in each step turned and the average value was taken. The 

surface roughness was measured using Mitutoyo Surf Tester 211 with a cut off length of 0.25 mm. The results of 

the experiments for nine trial conditions are reported in Table 2. The process parameters selected for the present 

work are tabulated in the table 1. According to Taguchi’s method, L9 orthogonal array is ideal for conducting the 

experiments with three control factors (cutting speed, feed rate and depth of cut) and a variable data type output 

(average surface roughness Ra). An L9 orthogonal array includes 9 combinations and 3 trials (Ra values) in each 

combination. Figure .2 shows the surface roughness testing meter. Travelling length is 0.25mm. Selection of 

process parameters table shown in table.1 and design of experiment s conducted using L9 orthogonal array of 

table.2 respective parameters are defined. 

Table .1. Selection Process Parameters and Levels 

Factors Process parameters Level 1 Level 2 Level 3 

A Depth of cut (mm) 0.6 0.8 1.0 

B Feed rate (mm/rev) 0.05 0.10 0.15 

C Cutting speed (m/min) 130 160 190 

 

 
Figure.3.Machined Test Specimen 

Above shown in figure.3 machined titanium grade 5 specimens the different parameters combinations cut 

using single work piece and marked the combination set numbers for identification. 

Table.2. L9 Orthogonal array with factor, responses and S/N ratios 

S. 

No 

Control factors 
Average surface Roughness Ra 

(micro meter) 

S/N 

Ratio DOC(mm) 
Feed rate 

(rev/min) 

Cutting speed 

(m/min) 

1 0.6 0.05 130 0.8 1.938 

2 0.6 0.1 160 1.52 -3.636 

3 0.6 0.15 190 1.6 -4.082 

4 0.8 0.05 160 0.68 3.349 

5 0.8 0.1 190 1.38 -2.297 

6 0.8 0.15 130 2.01 -6.603 

7 1 0.05 190 0.49 6.196 

8 1 0.1 130 1.15 -1.213 

9 1 0.15 160 1.94 -5.756 
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RESULTS AND DISCUSSION 

Figure .4 shows the main effects of machining parameters for means of respective surface roughness. 

Figure.5 shows main effects pot for means of S/N ratio for surface roughness.  

 

Table.3. Response Table for Means 

Level Depth of cut (mm) Feed rate (mm/rev) Cutting speed (m/min) 

1 1.3067 0.6567 1.3200 

2 1.3567 1.3500 1.3800 

3 1.1933 1.8500 1.1567 

Delta 0.1633 1.1933 0.2233 

Rank 3 1 2 

 

Table.4. Response Table for Signal to Noise Ratios 

Level   Depth of cut (mm) Feed rate (mm/rev) Cutting speed (m/min) 

1 -1.9270     3.8280   -1.7799 

2 -1.8372    -2.5495   -2.0144 

3 -0.2580    -5.3008   -0.2280 

Delta  1.6691     9.1288    1.7864 

Rank  3 1 2 

          

  
Figure.4. Main effects plot for mean Figure.5. Main effects plot for Means of S/N ratios 

CONCLUSION 

Taguchi method is used and is a powerful tool for optimization, which provides a systematic and effective 

methodology for the design optimization of cutting parameters. The percentage contributions of parameters in 

affecting variation in surface roughness while machining Titanium grade 5 alloy material with TNMG 160404 

insert are the feed has greater influence on the surface roughness followed by the cutting speed. From the analysis it 

is revealed that the feed, cutting speed and depth of cut are prominent factors which affect the turning operations. 

For better surface finish parametric combinations of depth of cut 1 mm, feed rate 0.05 mm/rev and cutting speed 

190 m/min. 

REFERENCES 

B.Thulasiramarao, Dr.K.Srinivas, Dr.P.Ramreddy, A.Raveendra, Dr.B.V.R.Ravikumar, (2013) “experimental study 

on the effect of cutting parameters on surface finish obtained in CNC turning operation” international journal of 

innovative research in science engineering and technology, vol.2, Issue.9, pp 4547-4555. 

D.Lazarevic, M.Madic, P.Jankovic, A.Lazarevic (2012) “Cutting parameters optimization for surface roughness in 

turning operation of polyethylene (PE) using Taguchi method, vol.24, Issue.2, 68-73. 

Durai Matinsuresh Babu, Mouleeswaran Senthilkumar, Jothiprakash Vishnuu, (2012) “ optimization of cutting 

parameters for CNC turned parts using Taguchi technique” International journal of engineering,vol.10, pp 493-496. 

Ganesan.H, Mohankumar.G, Ganesan.K, Rameshkumar.K (2011) “Optimization of machining parameters in 

turning process using genetic algorithm and particle swarm optimization  with experimental verification” 

International journal of engineering science and technology, vol.3 ISSN:0975-5462. 

K.Saravanakumar, M.R.Pratheeshkumar, Dr.A.K.Saik Dawood (2012) “optimization of CNC turning process 

parameters on inconel718 using Genetic algorithm”  IRACST-Engineering science and technology, vol.2 No.4, pp. 

532-537. 

http://www.scielo.br/scielo.php?pid=S1678-58782010000200002&script=sci_arttext#fig01


National Conference On Recent Trends And Developments In Sustainable Green 

Technologies 
Journal of Chemical and Pharmaceutical Sciences       www.jchps.com                               ISSN: 0974-2115 

JCHPS Special Issue 7: 2015                                                           NCRTDSGT 2015 Page 137 

M.Kaladhar, K.Venkata subbaiah, Ch.Srinivasa Rao, K.Narayana Rao (2010) “Optimization of process parameters 

in turning of AISI202 austenitic stainless steel” APRN Journal of engineering and applied sciences, vol.5, Issue.9, 

pp 79-87. 

Mahendra Korat, Neeraj Agarwal (2012) “Optimization of different machining parameters of EN24 alloy steel in 

CNC turning by use of Taguchi method” International journal of engineering research and applications, vol.2, 

Issue.5 pp.160-164. 

Muhammad Munawar, Nadeem, Mufti.A, Hassan Iqbal (2009) “Optimization of surface finish in turning operation 

by considering the machine tool vibration using Taguchi method” Mehran university research journal of 

engineering & technology, vol.31, Issue.1, pp 51-59. 

N.Zeelan basha, S.Vivek, (2013) “optimization of CNC turning process parameters on aluminum 6061 using 

response surface methodology” IRACST-Engineering science and technology, vol.3, pp 546-552. 

Neeraj Sharma, Renu Sharma (2012) “Optimization of process parameters of turning parts: A Taguchi approach” 

Journal of engineering, computers & applied sciences, vol.1, Issue.1, pp 32-37. 

Poornima and Sukumar, (2012) “optimization of machining parameters in CNC turning of martensitic stainless 

steel using RSM and GA. International Journal of Modern Engineering Research, vol.2 Issue.2, pp 439-442. 

S.S.K.Deepak (2012) “Cutting speed and feed rate optimization for minimizing production time of turning process” 

International journal of modern engineering research, vol.2, Issue.5, ISSN: 2249-6645. 

Vaibhav, Pansarel.B, Mukund, Kavade.V (2012) “Optimization of cutting parameters in mulltipass turning 

operation using ANT colony algorithm” Intrernational journal of engineering science & technology, vol-2, Issue-4, 

955-960. 

Vikas, Magdum.B, Vinayak, Naik.R (2013) “Evaluation and optimization of machining parameter for turning of 

EN8 steel” International journal of engineering trends and technology, vol.4 Issue 5 ISSN: 2231-5381. 

Vipindas M P, Govindan.P (2013) “Taguchi-based optimization of surface roughness in CNC turning operation” 

International journal of latest trends in engineering and technology, vol.2 Issue 4 ISSN: 2278-621X. 


